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West Walker, 199,366 
-4 F. 

(N. B.-Snow courses 
mostly In East Walker) 

Comparison of snow cover April 1 or revised forecast May 1-1.5 and run-off April-July (per cent of normal) 

N. B. Until 1918-19 unrevised snow cover April 1 is used as a forecast. Those 1'1 1 ised &fay 1-15 marked by an R placed before number. Those revised on basis of new data 
after season was over are followed by Rev., and new estimate in parentheses. 
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1 Data for July lacking, making thus only a 3-month run-off. The inclusion of July mould deciense tbP divergence in the case of the AIokelumne. 

AN EXAMINATION B Y  MEANS O F  SCHUSTER'S PERIODOGRAM O F  RAINFALL DATA FROM LONG RECORDS IN 
TYPICAL SECTIONS OF T H E  WORLD 

[This paper supplements that by  the same author in Monthly Weather Review. Oct. 10241 

By DINSMORE ALTER 
[University of Kansas, Lawrence, Gam., Dec. 18,1925 I] 

55/.s78./ : 

SYNOPSW 

This is the ninth of a series of papers on the rainfall of the world, 
and the second on the application of Schuster's Periodogram. In  
the last application of this method, published in the Monthly 
Weather Review of October, 1924, periods longer than nine gears 
were investigated. In  this one, periods are examined between 
nine and two and one-sixth years. In  the next paper, which is 
already mostly computed, still shorter periods will be considered. 
The aim of these investigations is to esamine typical sections 
systematically, so that all facts concerning rainfall periodirities, 
which are inherently possible in data at the present time, may be 
established. It is believed by the author that this question requires 
such a method as the periodogram, through which periodicities 
and probabilities are shown, entirely free from the personal bias 
which must affect the judgment when almost any other method is 
used. A t  present, i t  is his belief, the great need is for such a careful 
examination of data, rather than for theorizing regarding causeb. 
It is only through thus establishing accurate quantitative relation- 
ships that the theories regarding causes can be given the sound 
footing which they require. Naturally a knowledge of causes is 
the final goal of all research, but any short cut to theories regarding 
them is too dangerous to use. 

The following summarizes the principal results obtained so far. 
( a )  Rainfall periods certainly do esist. 
( b )  There is, in all sections of the world examined, a very marked 

bias toward harmonics of the sun-spot period, too much so to be 
merely accidental. 

(c) It is impossible to say at present whether these periods are 
constant or varying in length, however, the bulk of the evidence 
favors the former. 

(d )  It would be too unsafe to make agricultural predictions on the 
basis of results so far obtained. However, some sections of the 
world indicate quite strongly that this may be possible in the future. 

( e )  The more nearly a climate approaches a pure marine the 
more nearly does its periodogram give us definite results. 

1 Since sending the manuscript for publication, an excellent article by Sir Qilbert T .  
Walker on the eriodogram has appeared in No. 216 of the Quarterly Journal ofJhe Royal 
MeteoroIogica?Society. Our conclusions regarding the strength and limitations of the 
method parallel each other very closely although m general his treatment IS the more 
elegant.-D. A .  

SCHUSTER'S PERIODOGRAN METHOD OF FINDINQ HIDDEN 
PERIODICITIES 

Schuster's method is the most careful analytical net 
which hns been devised to investigate the existence of 
periodicities, hidden from casual inspection by means of 
itccidentul errors or by the presence of multiple periodici- 
t,ies. Various attempt,s have been made to use shorter 
methods of analysis but all these seem unsafe to the 
writer, some because real periods may be overlooked, 
others because they permit accidental periodicities to 
"I) ear real. 

Eittle summary of the method is necessary here, merely 
a statement of the equations bein sufficient. Given 
data pl.. - - - -pn, assume any period %f times the datum 
interval. Let pi be the phase angle for the datum qj, 

2n so t,hst (di+1- pi = p * ((dl =o> 
Define : 

n n 
Aj,Sqi COS pi; B.=Zqj sin (PS 

1 '- 1 

where +i is the hase of the best sine curve of period P 

to the square of the amplitude of this curve. Periods 
P j  are chosen of lengths such that there is little phase 
divergence between adjoining ones during the stretch of 
data, and I: is computed for each. A curve is then 
drawn with h ' s  as abscissae and 1's as ordinates. 

at the instant o P observation of pl, and I j  is proportionaf 
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Usually a quantity H. - Ij/Zmean is plotted instead of 
Z Schuster determined The mean I by measurement of 
d e  area under the curve. I n  one of my papers (If> I 
have computed this mean value by the equation 

Im -1.099d 

where e is the probable error of one datum under the 
assum tion that all their deviations are accidental. If 

have peaks in the periodogram higher than would be 
expected from the theory of probabilities. The frequency 
of distribution of such peaks, under the law of accidental 
grouping, is e-=. It is obvious that peaks higher than 
would be expected from error dist>ribution, will raise the 
mean height of I, if we have only a limited number of 
values of q, or a short stretch of the periodogram. The 
computed value of I,,, is that which we would have 
obtained by measurement, if we had had many data and 
had used a long stretch of periodogram. It is, therefore, 
not only more convenient but also more accurate to use 
in computing probabilities. After publication of the 
above equation, I found a more convenient form for 
computation : 

the or B er of the deviations of the q’s is not accidental, we 

n 

1 
z ar“ 

2(n- 1 )  I,=----- 

where ad is the det-iation of qi from the mean p. 
As we use smaller and smaller values of P, we find that 

the aniplitucle of a computed period is less than it .~,-ould 
have been had we used shorter datum intervals and, 
therefore, a larger P for the same period. Howewr, it 
is easy to reduce a computed I to what we would have 
obtained from the shorter intervals, by means of the 
equation (If) 

I’ = I 4 sin23 (z - y) 

where z is the phase of qi and y that of i + l ,  expressed in 
radians. It is almost needless to rem& that computa- 
tions of probability must be made from an H which has 
not been multiplied by this factor. Nevertheless, the 
factor nas some real value, since it gives us the most 
robnble values of the intensities and amplitudes of the 

test sine curves of periods P, and enables us, thuq, to 
compare their effect on the data. This factor is given 
as column F of Table 5. Probably i t  would have been 
better to have plotted the periodograms after multipli- 
cation by F; however, I have used the original values 
for this in order that  the graphs may conform to long 
established custom. 

With periods of three times the datum interval or 
less, F begins to get large and accordingly the ratio of 
accidental error to intensity of any real period of a given 
am litude becomes greater. For these reasons any 

value, both in length and intensity, than will longer 
periods of the same amplitude. It is, therefore, impos- 
sible to demand as p o d  an agreement as mould be 
expected of longer periodicities. In  this paper periodi- 
cities have been investigat,ed, using yearly datum 
intervals, for the whole ran e between nine and two and a 

half finished, half yearly datum intervals will be used. 
That paper will cover the range two and a half to one and 

ix - y)Z 

suc K real periodicity will be displaced more from its true 

sixth years. However in t a e nest paper, now more than 

a twelfth years, thus overlapping the most inacc.urate 
part of the present periodograms. 

Limitatioiis and powers of the method-There are a few 
of these whlch it may be well to mention, although 
probably almost all of them are well known to everyone 
mho has studied the method. Most of them have been 
discussed in detail in various publications. 

1.  No matter how small amplitudes of real periods 
may be, they can be shown definitely to be real, if we 
have enough data. In  oral discussion of a paper read 
recently, the objection that this is not true was raised 
against the method. Schuster’s method yields nothing 
to anv other method in showing small real periodicities. 
The objection has arisen through the fact, that some other 
methods do not show clearly enough the lack of evidence 
in favor of these periods. 

2 Periods of large amplitude will have both their 
length and intensity most accurately shown, since the 
greater thev are, the less is the ratio of accidental errors 
to them. For this retison if we have any grounds, either 
theoretical or statistical, to suspect a given set of periods, 
as for instance harmonics of the sun-spot period, we will 
demand of the highest peaks a very much greater coin- 
cidence with these harmonics than for lower peaks, even 
though these also be high enough to indicate a good 
possibility of reality. 

3. If two stretches of data are investigated, the longer 
including and being a continuation of the shorter, inten- 
sities of periods should remain the same, on the average 
for the two stretches, if they be accidental but should be 
larger for the longer stretch, if they be real. This refers, 
of course, to periodograms plotted from the ratio Hj. 

4. In  determining reality of eriods, not only the in- 
tensity, but also the length of t 2: e period with respect to 
some other plausibly related phenomenon should be con- 
sidered. For esample, if in this rninfnll investigation, 
peaks of medium heights, nearly a t  harmonics of the 
sun-spot period were to be found, it would be legitimate 
to regard them as more probably real than we would re- 
gard tho5e of the same intensities but whose lengths of 
periods had no special significance. However, i t  is 
mainly a matter of judgment and personal opinion what 
weight shall be attached to this consideration, unlike the 
matter of intensity for which there is an accurate mathe- 
matical probability. For this reason extreme caution 
must be used with this argument. It can be used merely 
as an additional evidence to the primary one derived 
from the intensity. 

5.  The same eriod, found in independent records of 
a n y  one kind of ata,, is almost as strong an ar ument for 
reality as is intensity. This is especially true or chrono- 
logically cliff erent records. 

receding paper ( I d )  it was shown that the 
accuracy wit$ which any period is located is less than 
that which woulcl be espectecl from casual examination 
of the ieriodogram. 

would be more accurate to use than “probability,” 
since the calculation of e-= shows the.ratio, to be ex- 
pected by accident, of peaks of a given height to the 
number of peaks computed. T h e  probability, based on 
mere statistics, that the peak represents a real period i s  
much 7ess thuib this ratio, Also each peak, established 
definitely, makes minor peaks of ‘medium height more 
worthy of consideration. r- Although Shuster was very 
emphatic in stressing this point about t)he probabilities 
of reality, it seems not to have been appreciated by some. 

K x 
6 .  I n  the 

7. T ’1 le expression “expectancy ratio under error law” 
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. He considers that only those peaks for which this es- 
pectancy ratio is less than one in two hundred are worthy 
of consideration as possibly real, when based on stat8istics 
alone. This judgment seems quite sound, although the. 
number of points computed in the periodogram should 
be considered, and it will be adopted here as a criterion, 
except when modified by 4 and 5 above. I n  such cases a 
larger ratio may be considered as sufficient to indic,ate. a 
possible real periodicity. 

8. In  using Schuster's periodopam there is absolutely 
no danger of prejudicing the solution in favor of some par- 
ticular value, as has been done by other methods. 

9. The method can be adapted to investiga.tion of 
variable periodicities. The same limitations apply here, 
as to other methods, although, as in 1 above, they me 
more obvious than in most other methods which have be,en 
applied to such cycles. In order to make a legitimate 
examina.tion, the law of variation must be assume.cl from 
hypothe.ses other than an examination of the data. For 
example, it is entire,ly legitimate to crowd up or stre,tch 
out wea.ther data, in ac.cordanc.e with the appare.nt varia- 
tions of the sun-spot eriod before applying analysis t,o 

e ua1 phase intervals for the sun-spot data t,hemselves. 
Also, similarly, it would be improper to look at  weat,her 
fluctuations and say that when crests were far apart, a 
period had lengthened, merely from an esaniinat,ion of 
these data themselves. 

10. In computing tmhe mean height of the curve the totma 
data are used. Since, in order to hold approximately to 
complete cycles, some data are usually discarded at  one 
end of the stretch, it would be most strictly c.orrect t,o 
c,ornpute I ,  for each oint, only from t8he data used for 

The neglect 

in probabilities of reality being actually a little gre.nt8er 
than we have computed. Schuster discusses this near 
the bottom of page 74 of the reference (2%) above.. 

11. For short periods, such as invest'igated in this paper, 
it is no longer permissible to abbreviate the work by 
repeating.or averaging a month ever now and t,he.n t,o 

work is enormously inc.reased by the fact that the mean 
phase of any year must be accurate1 computed and that 
only in comparatively few cases wilf any phase angle he 
repeated more than twice during the stretch. Instead of 
a sum or a mean being multiplied by sine, and cosine, each 
value of pi must be so multiplied. However, if we a.ssign 
the same number of years to the stretches of data from 
different parts of the world, the phase angles, sines, and 
cosigns, once determined, may be used for all. In t'liis 
case there were 73 years of data for the Pacific coast of 
the United States, and this number was used for all other 
sections, except the Punjab where only 62 years are 
available. 

them. But it would B e entirely forbidden to take these 

that point. This wou ? d involve considerable labor for a 

wil ve7 always lower H slightly and, therefore, merely result's 
slight improvement in the value of H. 

get fractions of years, as was done in t K e last paper. The 

EXAMINATION OF DATA FOR VAIUABLE PERIOD 

An hypothesis &ch has been discussed somewhat in 
recent years is that weather periods or cycles do exist and 
that they stretch out or close up so as to kee in step 

this period was considered to be 11% years, which is the 
mean visible Deriod between successive maxima or minima 

with the variations of the sun-spot period. P or years 

and that, it  is better to consider the mean period as being 
22.25 years. 

In the earliest lapers of this series, a short period was 
examined on the II iypothesis of a forced phase agreement 
between rainfall ancl sun spots. There the datum inter- 
vals were months ancl it was difficult to make the roper 
table for espancliiig or contracting the number of B ata to 
keep a constitnt number of phase steps between successive 
sun-spot maxima or minima. Here, using yearly data. 
the problem is much simpler. Table 4 shows the years 
to be repeated or averaged to force such a relationship. 
Within narrow limits, this choice of years is arbitrary. 
However, a rule of spacing as uniformly as possible leaves 
little choice. The method is, of course, but an approxi- 
mation; nevertheless, if the weather cycles exist and do 
thus change their period, the period0 ram derived from 
the data thus acljusted should show k g h e r  peaks than 
from the unadjusted. This adjustment gives exactly 22 
datum intervals to the sun-spot period, instead of the 
average of 2 2 ) i  as for the unadjusted. The writer was 
surprised to find how little difference there is in the tables 
of adjusted and unadjusted data since 1850, the year for 
which the '73 data for these investigations usually begin. 
Twenty of the y e m  agree exactly in both the unadjusted 
and adjusted tables, 47 differ by but one place, and only 
6 by as much ns two places. It is evident that there wid, 
in general, be n great similarity between the periodcgrams 
nnd that it will be very difficult t o  tell whether periods 
npproaimitely constant in length or changing m t h  the 
:i Imrrnt sun-spot variation are the more probable. If 

from the mean period, cnn be accepted as agproximately 
ticcurate, then the preceding 73 years, for w ch we have 
data from Northern Europe, should tell us much about 
thiq question. 

t P le earlier sun-spot data. which show large deviations 

THE DATA USED I N  THIS PAPER 

(a)  Pacific coast o the lJnited StafPs.-These are identi- 
cal with Tnhle 5 o f the preceding paper and, therefore, 
will not be reproduced here. 

( 6 )  Nort7icr.n Europe.-Many new data have .been 
added so that they are given in toto as Table 1. 

( b )  The Pviijab qf' India.-These data are identical 
with Table 6 of the former a er, except for the addition 
of the years 1919-1924. d b r e  2 shows these later years 
only. 

( d )  Ea-qtern LTnitpd States.-In the main, these are the 
same as Table 4 of that paper. New England stations 
have been added. Table 3 shows only these additional 
stations and the means of these with the stations of the 
previous paper. 

The Pac$c coast of the Fnited States.-The results for 
tllis section are shown in the first columns of Table 5 and 
in Figure 1. Three periods stand out above all others in 
the unadjusted periodogram. First is one of H=S.gS a t  
P=2.469 years; second H =  7.42 a t  5.38 years, and third 
is H=T.1'7 at  4.42. The computed ex ectancy ratios for 
these peaks follow. For the lar est v 2 ue of H,  one out of 

In  the periodogram there are S6 computed points, with 
two of this height. It would be, therefore, entirely im- 
probable that we would obtain this peak by accident. 
For the next two peaks the ratios are 1 to 1,660 and 1 to 
1.2SO. If the seuuence of deviations on the Paci6c coast 

every '7,950 should be of this P ieight by mere accident. 

of the numb& of sun s ots. Recent work by Hale (3) a t  

of variation of magnetic polarity is exactly doub e this 

is but accidental,' one would be much surprised to obtain 
any leaks as high as this, and much more surprised to 
find t uee. One-ninth the sun-spot period is 2.472 years, reriod \ the Mount Wilson 0 B servatory shows that the 
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an agreement with the highest, peak more perfect hhan 
one could possibly expect, indeed far within the accuracy 
with which the peak can be locat,ed. One-quarter of the 
sun-s ot period is 5.56 years, differing from the second of 
the o i served peaks by 0.18 of a year. The c.omputed 
uncertainty in the posit,ion of t>he peak is much larger than 
for the shorter period, having increased both because of 
the lesser number of cycles in t,he 73 years' data and also 
because of the lesser phnse change in one year. It is 0.14 
of a year, approximately equal to  the discre amy. 
Moreover, the steepness of the two sides of the pea! indi- 
cates that, if more points had been computed, the crest 
would have fallen to the right of its present position, 
somewhere between 5.40 ancl 5.45, giving a smaller dis- 
crepancy. One-fifth the sun-spot period is 4.45 years, 
1.11 yea13 less than the fourth hnrmonic. Therefore, the 
peak agrees with the harmonic to better than one-sixt,h 
the interval between harmonics, an agreement closer than 
would hare been expect,ed by a,cc.iclent,, but not im os- 

differs from its hrmonic  by the almost negligible quan- 
tity of 0.03 of a year. Therefore, in this periodograni we 
have hhree peaks so high that we would expect none of 
them by accident, two of them in ahnost perfect coinci- 
dence with sun-spot harmonics and t,he third closer than 
we would expect through chance. 

Two other peaks are found just  a t  the limit of the 
Schuster criterion, and because of the presence of the very 
high ones, they become wort,hy of some notice. The 
higher is a t  2.25 years, differing from the tenth harmonic 
by 0.02 of a year. The nest is a t  3.17 years, as perfect, an 
agreement with the seventh harmonic as the solution per- 
mts. The lowest of the highest sis peaks is a t  6.83 
years and is the fist eak t,o diverge seriously from the 
sun-spot harmonics. Each of the highest five peaks fall 
remarkably close to the harinonics of the sunspot period. 

Examination of t'he acljust,ed perioclo ram shows t,he 

The peaks, although still high, average lower and the 
coincidence wit8h sun-spot harmonics is lacking. There- 
fore, so far as we can tell from the available dat,a of this 
section, constant periodicities, a t  least so far as length of 
period is concerne.d, are the. more probable. Some. of sort 

and there is a 

sibly accidental. The third peak is a t  4.42 gears, wiich F 

expectancy ratio of the lighest, peak to fl e one in 5,500. 

periodicity almost uncloubt,edl 
quite probable relationship t,o t ot  period. This 
section has the purest marine any of those in- 
vestigated. 

Northern Eiirope nnd the British Isles.-In this sectmion, 
which is next nearest to being a ure marine climate, 146 
years of data have been used. f h e  first pair of periodo- 
grams have been comput,ed from the years 1777-1849 and 
the later from 1850-1923. 

The 177'1-1849 unacljusted periodogram shows bu t  
two peaks of much interest, however, one of these is far 
the highest peak found for any section. For it, H =  16.95 
and it is found a t  3.449 yeais, almost exactly where the 
highest eak was found for later years on the Pacific 
coast. $he expectancy ratio of peaks of this height is 
one in 22,400,000. Independently of the fact that it is 
at one of the sun-spot harmonics ancl of the fact that i t  
agrees ttlmost perfectly wibli the highest peak of a dif- 
ferent section and from a later stretch of years, there is 
little question that this peak is not accidental. A period 
e ual to one-ninth the 22.25 year sun-s ot eriocl sctu- 

years. 
The second hi hest peak has an expectancy ratio of 

1 in 1,600. It Falls a t  4.17 years, which is 0.28 of a 

a 8 y did exist in northern European rain r :  all uring these 

year less than the fift,h harmonic, which was found in 
the data of the Pacific coast. The third peak is much 
lower with an expectancy ratio of one in 250. Its posi- 
tion resembles somewhat that of the seventh harmonic, 
also found in Pacific Coast data, but there is little to 
depend on, either from its ma nitude or position. Of 
course, if it actually be a real pea a , it will, due to its small 
ma nitude, be subject to greater displacement than 

h e n  we turn to  the adjusted data we find once more 
that the peaks are lower, although much higher than 
accident would place them. The ex ectancy ratio of the 
highest is one in 4,370, of the seconc Y hi hest one in 1,280 
and of the third highest is one in 200. l ga in  we find that 
the adjusted peaks bear no relationship to the sun-spot 
period. This is extremely important evidence in favor 
of nonvarying periodicities, for it was during this e och 

constancy. kfthouqh, for the latter stretches of data we 
would espect the fa se hypothesis to show nearly as well 
as t'he true, here as we would expect, we do f k d  the dif- 
ferences of the two perioclo rams to be very marked. 

So far all our evidence as been extreme1 favorable 
to an h pothesis of constant periodicities (at east so far 

certain harmonics of the sun-spot period. However, t e 
data from Northern Europe for the years 1850-1922 tell 
a different stor . The unadjusted shows, it is true, three 

grams. The expectancy ratios are one in 420, in 340 and 
in 220. The two highest of these fall very nearly a t  sun- 
s lot harmonics, the higher missing the fourth harmonic, 

found in the Pacific coast, by on1 0.06 of a ear, 
which is pract,ically perfect agreement or periods o this 
length, and the next missing the seventh harmonic by 
0.05 of a year. 

with an expectancy ratio of one 111 1870, and two ot ers 
of about one in 300 each. Of these three only one, and 
that one of t,he two lowest, falls near a sun-spo! har- 
monic. That one is very close to the sixth. 

This reversal of revlous results is surprising. How- 

what has ha.ppened. In  t'lie data of the later years, a 
number of new stations have been added, as they began 
to make records, in an atkenipt t'o eliminate, as far as 

ossible, accide.nta1 errors and the eff e& of local storms. 
!&vera1 of these were in Germany, two of them being 
possibly too far south from the north coast to be true 
marine rainfall. It is a natural result of the prevailing 

stations on west coasts than on others, especially 9ge t e 
westerlies, that we can go farther inland for marine t 

east and north. The principal effect of these inland sta- 
tions comes in the later data, so that, if there be a phase 
difference between marine and continental stations, these 
records would cut down peaks instead of reinforcing 
them. 

If we will choose carefully as pure B marine type of 
climate as is possible in this section, the ninth harmonic, 
which has disappeared, should reappear if this be the 
true explanation. A pe,riodo ram was computed, there- 

Isles. Possibly i t  would have been better to include the 
records of western France, of Sweden, of Denmark, of 
the Netherlands, etc., which had already been used in 
the early curve. If I ever repeat this section I shall do 
this, especially for a computation of a short periodogram 

hi %er ones. 

t'hat the sun s ot period appeared to diverge most P rom 

f; 

1 as the 9 engt,h of the period is concerned) which occu y 

peaks hi her t 9 ian we would expect from accident, but 
they are P ow compared to those of the preceding periodo- 

aso  \ 

s 

9 9 

Yak 

ever, an analysis o P Table 1 gives us some indication of 

When we turn to the adjusted period we find one 

fore, for the years 1850-1922 B rom the data of the British 
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FIG. I.-Rainfall periodogram, Padflc coast of United States 

2 3 

- L/!.?d/usfed - 

5 6 7 9 

FIG 2.-Rainfall periodogram, northern Europe, 1777-IS49 

Fro. 3.--RalnIall periodogram, northern Europe, 1777-1M9, and Pacific coast of United States, 1850-1922 

in the neighborhood of the ninth harmonic. 
This special periodogram for the British Isles 
was carried through only for the unad’usted 

Peaks exist of H=6.97 a t  P52.84 years, of 
6.81 at  3.17 years, with a secondary of the latter 
of H= 6.24 a t  3.38 years, and of 6.30 a t  P=4.25 
years. There are two minor peaks H=5.18 
and 4.54, respectively, the latter a t  2.42 years, 
0.05 of a year from the true position of the 
missing ninth harmonic. These three highest 
peaks are all higher than any in the previous 
unadjusted periodogrnm and are surpassed by 
but one peak of the adjusted periodogram. 
The expectancy ratios are one in 1,300, in 900, 
and in GOO. They hold rather closely to the 
eighth, seventh, and fifth harmonics, especially 
to the seventh, for which the agreement is 
perfect. 

It is evident that the exclusion of the inland 
data has made a considerable improvement, but 
the closeness of the agreement between the 
periodogrnms of 1777-1849 for Northern Europe 
and of 1850-1922 for the British Isles, which 
are a large part of the former, can show best 
only by an examination of the superimposed 
curves. Quite apparently the main differences 
arc in magnitude only, and we have a very 
similar “spectrum” from the two epochs. T h s  
point will be discussed later. These superim- 
posed curves are shown as Figure 7. Figure 6 
shows the two unadjusted Northern Euro e 

eriodogrnms and Figure 3 compares the ear I; y 
%orthem Europe with the Pacific Coast. 

The Punjab  of Indicc.-We have one section 
which is almost as pure a continental type as is 
to be found. This section is The Punjab, a 
thousand r d e s  iulitnd and with li ht winter 
and heavy summer monsoons. Unkrtunately 
there are only 62 years of data available. This 
fact is certain to give us smaller values of H ,  
if the peaks be real. If accidental, their mean 
heights should be unaffected. Tentatively we 
shall study peaks lower than we demanded for 
the other sections. 

In the unadjusted periodogram we h d  for the 
enk H=4.78 at  P=2.78, which is 

exactly highest t E e eighth harmonic. The expectancy 
ratio of this peak is one in 120. For the second 
highest peak H-4.49 a t  P=7.5, with the 
steepness indicating the true crest between the 
computed points of 75& and 795. This is ex- 
actly a t  the third harmonic. The third hi hest 

the seventh harmonic. Although not as strong 
evidence of reality as for other sections, be- 
cause of the low heights of these peaks, this 
series of agreements is among the prettiest 
things seen in the investigation. 

In  this section we find t8hat the adjusted 
peaks are somewhat higher than the others, 
with H=>.:3S, 5.35, 5.07 and 4.S1. The ex- 
pectancy ratio of the highest peak is one in 215. 
This peak tloes not match at, all with the har- 
monics. The second highest at P = 2.25matches 
the tenthfnirlywell. The third peak at  P=3.75 
is very close to one-sixth of 22. The fourth 

data. A considerable improvement was ! ound. 

peak is H=3.60 for P=3.17, almost exact K y at  
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New Northern Europe .... _ _ _  - 
British Isles ________..._.__._ - 
The Punjab __.___._.______.._ 
Eastern United States ___.... - 

Mean--. _ _  -. . - - -. . . - __----.- 

peak is at 7% years, very near the third har- 
monic. On tmhe whole we find, for this section, 
that the evidence is slight.ly in favor of t'he 
variable period, although not' nearly so st'rongly 
as is the reverse in the case of the Pacific Coast 
and Northern Europe. 

Emtern United States.-If t8his section were 
to be computed again, I would choose only a 
small part of it, probably New England. The 
same error was made as in the case of Northern 
Euro.pe. Da.ta are included from a large region, 
extending from New England to St'. Paul, then 
to New Orleans and east, t80 Florida. On t'he 
whole, it tends t'o be continental in rainfall. 

The highest peak on the unadjust'ed curre 
is a symmetrically shaped one, H = 5 . 7 3  at 
P = 7.5, the third harmonic. Its espec.t.&ncy 
ratio is one in 310. The nest' highest peak is 
H=5.63 at, P = 4 . 7 5 .  This is one of two 
adjoining peaks, t8he ot8he,r being H=4.40 at' 
P=4 .33 .  The curve does not get clown t'o 
normal between them. Neit,her is at, a har- 
monic, for t8hey straddle P = 4.45, the fifth har- 
monic. The only other point worthy of men- 
tionis H=4.50 at P = 3 . 1 7 ,  the sevenhh har- 
monic, which has been so persistsent in various 
parh of t8he world. 

The adjust~etl c u r ~ e  gires us but one peak, a 
high one, H =  7.78 at, P = 7.35,  t,he third har- 
monic of 23. This one high peak, wit,h espect,- 
ancy ratio one in 2,400, makes t.his periodogram 
very striking. However, when all is balanced 
it seems t,hat the eridence from t,liis section 
scarcely favors one hypothesis more t.han t8he 
other. Probably it is slight,ly in faror of blie 
variable period. 

THE BIAS OF THE UNADJUSTED DATA TOWARD 
SUN-SPOT HAC.MONICS 

We hare const,ant,ly see11 t,he ngreernent of 
peaks of t,he unadjust,ed pt~rinrlograms wit,li hm- 
monics of t'hc sun-spot' pwioi!. In each section, 
ait,liout, n single escept.ion, the highest, peak is 
almost, ex:ic,t,ly at8 one of tlic sun-spot, harmonics. 
This bins cont,inues, in ,prner:tl. t o  t,he second 
and even t80 the t,liird hiqhest, peaks. The 
following t,nbulat ion ex1 J i bi t s cleiirly how 

6. OL 5.62 4 
6. Y7 2.84 h 
4 . i 6  2.76 6 
5. i 3  i 50 3 

. - - -. . . . -. /._._......._. ..... 

_ _ _ _ _  __ 

unusual this coincidence nc.ru:illy is. 
_ _ _ - ~ - _ _ _ _ _ _  _ _ _ _ ~  

Section 

- ~~ 

Derised 
iun-spot 
period 

Yean 
22.23 
2'2.05 
22.46 
22.72 
22. 2-1 
22.50 

22  37 

- 

8- 

7 -  

6- 

5- 

4- 

I 
I 

'E 2 

FIQ. I.-Rainfdl periodogram, northern Europe, 1850-1923 

FIQ. 5.-Rainfdl periodogram, British Isles, 18.50-1922 

Fro. B.-RainIall perlodogram, northern Europe, 1777-1849 and 1660-1926 
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The sun-spot period as computed from the 
rainfall data disagrees by only 0.12 years from 
the value obt,ained from the spots themselves. 
It's probable error is 0.07 of a year. Regard- 

on the periods found here, it seems impossi Yt le 
less of the interpretation which one may 

bhat t'he relationships between sun-spot and 
rainfall periods can be accidental. 

RECAPITULA!ITON AND CONCLUSIONB 

(a,) The higher 
grams can not be 

( b )  On account 
the supposedly variable sun-s ot period and a 

century, it  is impossible to determine definitely 
whether the periods are fixed or variable, but 
the bulk of the evidence favors the ~ e d  

(c) The. periods are, for some reason, closely 
related to the sun-spot period. This paper is 
statistical and does not enter into causes. 

(d) The effects seem most pronounced for 
marine c1imat.e and especial1 so for the pure 

!Jhs is 
esacbly t,he re,sult found several years ago in 
an investigation of a short eriod (IC). 

but possibly with varying amplitude, seem 
most probable. For an identical conclusion 
regarding sun s ots, by Schuster, see pages 

Cf) Nothing has yet been found of sufficient 
accurac.y to use as a basis for long range agri- 
cultural forecasts, although the results distinctly 
encourage t,he hope that this may be found in 
t,he future, at least for the Pacific coast of the 
Unit,ed States and perhaps for the Punjab. 

( g )  For bhe same reasons that these periods 
gave very much more definite results than the 
longer ones of the previous eriodogram invea- 

on still shorter periods will be even more 
definite. 

(A,) There has been for many years much 
theorizing regardin causes of su posed rel& 

to find causes, i t  seems to t,he writer that our 
present need is to establish statistically and 
accurately the quantitative relationships be- 
tween solar and terrestial henomena, in order 

hypotheses of the future. 

constant one, during the last t i! ree-quarters of a 

FIG. 7.-Rainfall periodogram, northern Europe, 1777-1849, and British Isles, 1W1922 

marine c.limate of our Paci H c coast. 

(e )  Periods of practical r y constant length, 

S9-95 of-&) in t % e bibliography. 

FIG. S.-Rainfall periodogram of the Punjab 

tigation, it can be expected t ?I at the next paper 

tionships. Althoug a t,he end of afl research is 

that there may be a H rm basis for the 

FIG. O.--RainIall periodogram, eaetern United States 
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TABLE 1.-Northern European Rainfa ldYeur ly  percentages of normal at available atations with long rainfall records-continued 
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Year 
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41 
4 
44 
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46 
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61 
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55 
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67 
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119 
126 
105 
s9 
66 
77 

106 
117 

YO 
YE 

129 
108 
112 
115 
103 
100 
77 
98 

101 
86 
94 

100 
92 
74 

117 
104 
75 
66 
72 

100 
114 
117 
84 

120 

..... ..-.-I 

..... 

..... 
_.._. 
..... 
..... 
..... 
..... 
..... 
..... 
..... 

._.-_ 

..... 

..... 

..-.. 

..___ 

.-..- 

.__._ 

.._._ 

..... 

._.__ 

..... 

..... 

..-.. 

..-.- 

..... 

.._.- 

.._._ 

..... 

..... 
___._ 

.____ 
___._ _ _ _ _ _  _ _ _ _ _  
.____ 
.__._ 

96 
101 
83 
70 
76 

106 
102 
101 
67 
72 

88 
89 
90 

115 
103 
100 
115 
114 
119 
107 
Si 

109 
113 
109 
100 
98 
96 

106 
109 
119 
102 
100 
102 
95 

1?5 
96 

108 
111 
104 
100 
106 
104 
106 
10s 
66 
IO6 
81 

1;; 

..... 

..... 
_.._. 
____. 
-.-.. 

-.___ 
_.___ _ _ _ _ _  _ _ _ _ _  

:::::I 
..... 
..... 
..... 
..... 

115 
96 

102 
98 
Q4 
97 

105 
114 
109 
118 
9? 

103 
96 

123 
96 
98 
97 

110 
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1880 ............................... 
1881 ............................... 
1882 ............................... 
1883 ............................... 
1882 ............................... 
1885 ............................... 
1886 ............................... 
1887 ............................... 
1888 ............................... 
1889-- ............................. 
i8m ............................... 
1891 ............................... 
1892 ............................... 
1893 ............................... 
1894 ............................... 
1895.. ............................. 
18% ............................... 
1897 ............................... 
1899 ............................... 
1899 ............................... 
1900 ............................... 
1901 ............................... 
1902 
1903 ............................... 
1904 ............................... 
1905 ............................... 
loo0 ............................... 
1907 ............................... 
1908 ............................... 
1909.. ............................. 
1910 ............................... 
1911 ............................... 
1912 ............................... 
1913 ............................... 
1914 ............................... 
1915 ............................... 
1916 ............................... 
1917 ............................... 
1918 ............................... 
1919 ............................... 
19% ............................... 
1921 ............................... 
1922 ............................... 
1923 ............................... 
1924 ............................... 

Normals .................... 

............................... 

54 

85 
120 
100 
91 

112 
103 
96 
77 

105 
91 
89 
91 
85 
96 
84 
92 
86 
93 

114 
79 

101 
111 
78 
96 
91 
73 
93 
86 
69 
93 
65 
82 
79 
87 
78 
89 
85 
89 
i 9  
98 

105 
98 
B.1 
77 
80 

43.75 
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1751 
1754 
1762 
1765 
1767 

TABLE 3.-Eastern United States-Continued 
[The mean inrludes stations of Table 4 of Mo. Wea. Rev., October, 1924, p. 4851 

1772 1809 
1776 1830 

;% ~ 1832 
1 1831 

TABLE 2.-The Punjab 
[Table supplementary to that  published in M. W. R. Oct. 1934, p. 4851 

Year Year 
I 

Lowell New 
Bedlord 

Provi- 
den- Mean Year Boston Per cent 

of normal 

85 
104 
99 
96 

113 
117 
111 
126 
143 
1W 

81 
103 
104 
81 
92 

100 
100 
130 
88 

1% 

124 
100 
96 

101 
93 
75 
84 
69 
83 
86 
86 
67 
92 
97 
77 
95 
86 

107 
102 
122 
104 
91 

41.49 

118 

130 

90 

- 

87 
85 
90 
94 

119 
80 

108 
112 
119 
114 
134 
104 
93 

109 
99 
90 

103 
110 
136 
96 
96 

112 
98 

103 
loa 
89 
93 
99 
91 
92 
82 
91 
99 
99 
84 
55 

100 
84 
71 

1 02 
106 
80 
80 
68 
80 

46.21 
- 

1918 ............................ 
1919.-. 
1920 _ _ _ _ _ _  - - - _ _ _  - - - - - - - _ _  - .____ - 
1921..- _ _ _ _  - _ _  _ _  - - - _ _ _  - - _ _ _  - 

1922L _ _ _ _  ___.________ _ _ _ _  _ _ _ _ _  
1923 
1924 

......................... ............................ 
............................ 

- _ _  

TABLE 3.-Eastern United States 
[The mean includes stations of Table 4 of Mo. mea. Rev,, October, 1924, p. 485) 

100 
102 
103 
105 
107 
101 
102 
98 

111 
107 
110 
99 
97 

103 
92 
88 
e4 

103 
109 
91 
94 
99 

100 
102 
92 
98 

100 
97 
86 
94 
85 
99 

100 
94 
86 

102 
92 
86 
8a 

105 
103 
B.1 
99 
92 
94 

- -. -. . - - 

64 
101 
102 
Bo 

110 

118 
115 
144 
127 
115 
120 
85 

116 
96 

115 
104 
108 
144 
112 
108 
118 
109 
107 
1 07 
94 

I09 
10s 
96 
76 
78 
83 
87 
84 
67 
77 
78 
82 
85 

100 
101 
81 

102 
92 
76 

44.16 

m 

Year Boston Lowell New 
Bedford 

Provi- 
dence 
__ 
........ 
- -. -. - -. 
. - - - - - -. 
-. -. . - -. 
........ 
- - - -. -. . 
........ 
........ 
........ 
........ 
........ 
........ 
- - - -. -. . _ _ _  ..__. 
- - - -. - - - 

89 
77 
95 

86 
72 
86 
83 
93 

108 
85 
96 
79 
98 
69 

110 
82 
79 

116 
98 
87 

121 
105 
88 
93 

101 
101 
102 
87 

100 
114 
125 
83 

101 
104 
107 
121 
110 
111 
108 
110 
119 
gs 

118 
114 
110 
119 
02 

70 

Menn 

1817 ........................................ 
1818 ............................... 
1819 ............................... 

........ 

........ 

........ 

........ 

........ 

........ 
- - - -. - - - 
-. -. . - - - 
- - - - - - -. 

78 
125 
91 
89 

103 
125 
128 
106 
77 
78 
86 
74 
91 
92 
93 
97 
93 
95 
86 
94 
68 

112 
102 
101 
123 
110 
103 
106 
102 
108 
102 
119 
86 

115 
113 
104 
107 
126 
92 
Bo 
92 

110 
116 
114 
112 
107 
107 

86 
96 

109 
99 

137 
105 

m 

81 
88 
86 
87 
99 
90 

130 
102 
82 

119 
136 
65 

142 
140 
133 
107 
92 
96 

lo2 
93 
85 
83 
96 

1oi 
110 
85 

110 
88 

104 
75 
99 
88 
79 

136 
112 
100 
83 

116 
89 
80 
94 
95 

111 
86 

100 
94 
sa 
89 

100 
87 

102 
127. 
108 
102 
107 
103 
112 
107 
105 
91 

102 
log 
92 

108 
89 
80 

102 
98 
74 

113 
95 
71 
89 

113 
87 

107 
102 
104 
101 
96 

100 
85 
95 
92 
97 

105 
98 

105 
88 
94 

101 
109 
96 
96 

115 
89 

100 
98 
95 
98 
88 

105 
104 
113 
93 
97 

104 
106 
91 

112 
98 

110 
115 
109 
102 
101 
100 
115 
103 
108 
112 
106 
117 
96 

a5 
m 

9Z 
81 

101 
84 
6: 

10; 
8: 
81 
94 

11: 
74 

107 
91 

111 
10; 
87 
91 
87 
93 
77 
97 
94 

112 
108 
88 

107 
86 

1oe 
6(1 

107 
94 
92 

123 
101 
110 
112 
104 
101 
119 
116 
120 
130 
118 
114 
140 
155 
113 
108 
116 
127 
147 
151 
137 
103 
115 
125 
97 

115 
112 
118 
150 
102 

TABLE 4.-Years to be repeated or averaged to form variable table, 
i n  forced step with sun-spot ibunibers 

T o  be repeated- 
- 
1840 
18€& 
1885 
1920 

T o  be averaged- 

175g.57 
l75WO 
178- 
1792-93 
1 7 9 s e  

1799-1800 
1901-02 
180445 
1811-12 

1814-1 5 
1824-25 
1827-28 
1844-45 
1850-51 
1874-75 
1880-81 
1891-92 
1802-03 
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